Models of surface fractures due to volcanic loading of an elastic plate are commonly used to constrain the thickness of planetary lithospheres, but discrepancies exist in predictions of the style of initial failure and in the nature of subsequent fracture evolution. In this study, we perform an experiment to determine the mode of initial failure due to the incremental addition of a conical load to the surface of an elastic plate and compare the location of initial failure with that predicted by elastic theory. In all experiments, the mode of initial failure was tension cracking at the surface of the plate, with cracks oriented circumferential to the load. The cracks nucleated at a distance from load center that corresponds to the maximum radial stress predicted by analytical solutions, so a tensile failure criterion is appropriate for predictions of initial failure. With continued loading of the plate, migration of tensional cracks was observed. In the same azimuthal direction as the initial crack, subsequent cracks formed at a smaller radial distance than the initial crack. When forming in a different azimuthal direction, the subsequent cracks formed at a distance greater than the radial distance of the initial crack. The observed fracture pattern may explain the distribution of extensional structures in annular bands around many large scale, circular volcanic features.
the gelatin to set, the top of the plate was prepared by spreading a 1% concentration solution of agar mixed with dry sand over the gelatin and sand plate. The whole set-up was again refrigerated to allow the agar to gel. In both parts of the plate, the weight ratio of sand to water was approximately 3.7 to 1. The two above mixtures formed a horizontally homogeneous elastic plate with a thickness of about 1 cm.
After the syrup was allowed to warm for about 10 minutes, a load of 100 grams of lead shot was added in the shape of a short cone. While analytical solutions use a gaussian load [Melosh, 1978] sufficiently large that the elastic stresses due to bending exceeded the tensile strength of the plate and the plate began to fail through the formation of cracks. The cracks in the plate were dyed with food coloring so they could be more easily identified in photographs (Fig. 3a) . After the cracking ceased and was recorded, samples of the plate were cut from the top of the corn syrup so that the Young's modulus (E) of the plate material could be measured.
To measure E, a beam of the plate was supported between two points and allowed to bend under its own weight. The vertical deflection of the beam was measured using a high-frequency induction coil proximity probe (model KD-2400 manufactured by Kaman Sciences Corporation) and from this, E was calculated using the method described by Turcotte 
Results
Multiple experimental runs with varying combinations of sand, agar, gelatin, and loadings were performed so that the best set-up and the reproducibility could be determined. The initial fracture nucleated at the surface of the plate and the mode of failure was tension cracking, with cracks oriented circumferentially around the load (Fig. 3a) . No shear on a scale greater than the sand grain size was observed prior to initial failure. The only shear observed in any experiment was between the en-echelon pattern of cracks shown in Figure 3 and occurred after initial failure. Fig. 3b shows the location of the initial failure with respect to a, the half-width of the load Table 1 . To compare the observed location of initial failure to a theoretical prediction of this location, we used Melosh's [1978] equations for stresses due to axisymmetric loading of an elastic plate over a weak viscous substrate. For applicable experimental parameters, we calculated normal stress components as a function of distance from the center of the load for each experiment. Table 1 demonstrates that in each case, the distance from the center of the load where failure occurs corresponds to where the calculated maximum radial stress, tYrr, has the greatest tensile magnitude (e.g. Fig. 2b ). Errors in experimental measurements caused some scatter in the predicted location of initial failure, as indicated by the shaded bar in Fig. 4 and by the range of values quoted for r/aCalc in Table 1 . However, the experimentally observed location agrees well with theory (Fig. 4) and indicates that the position of maximum err is a useful indicator of initial failure.
An advantage of our experimental approach is that it was possible to investigate how deformation progressed after initial failure, when elastic plate theory no longer applies. After the initial fracture, remaining stress in the plate resulted in an increase in the displacement across the initial crack. This was accompanied by the crack propagating in a mode I style around the load at the same radial distance.
The emplacement of additional load sometimes produced cracks which formed after the initial crack. The locations of these secondary cracks depend on the azimuthal direction of the crack with respect to the initial crack and is illustrated in 
